The University of Texas at Austin The RD values analyzed in this study were obtained by 1) field measurements at highway and precision on the assessed pavement condition at network-level was analyzed for both the
The CAS currently available may be divided into two major categories according to the Tsai, et al. (9) assessed the rut depth measurements of an optical CAS conducting both 44 laboratory and field tests and concluded that this type of system dramatically improves the 45 measurement accuracy when compared with the three-and five-point DAS. The CAS tended to underestimate the manual measurements. The absolute difference between the manual and the 1 automated measurements reported on the referenced study ranged between 0.003 in to 0.03 in for 2 the laboratory tests and 0.03 in to 0.09 in for the field tests. and three reported that they do not collect rutting automatically. Comparing both surveys, note 11 that several transportation agencies have upgraded their automated rut measurement system from 12 a DAS to a CAS during the last eight years; however, DAS are still widely used. Another 13 interesting finding of the referenced survey (11) was that the majority of the respondents used 14 0.5 in as a threshold, or "critical" RD value. That is, a section with an RD ≥ 0.5 in is considered 15 in need of maintenance or rehabilitation.
16
The technical objective of this study is the assessment of the RD accuracy and precision 17 of different CAS, which represent the state-of-the-art for automated data collection of rutting,
18
and DAS with different configurations, which are still used by several U.S. transportation 19 agencies. The purpose of this study is to gather information that can be used to decide whether to 20 change the current automated rut measurement system used and to estimate the change in RD 21 accuracy when changing from one system to another.
23

RUT DEPTH DATA
24
There are two types of RD values analyzed in this study: 1) manually measured in the field and The source of each set of rutting data is presented in Figure 1 presence of other distresses, and different highway geometric conditions. Of the original twenty-16 six sections, the first two were lost because they were subjected to maintenance by TxDOT.
17
Each section was divided into stations evenly spaced every 5 ft and marked with paint so 18 that both the manual and the automated measurements were taken at the same locations. 
Manual Measurement of RD
25
The RD values for both the inner wheel-path (IWP) and the outer wheel-path (OWP) were 26 manually measured using a 6-ft straight-edge and a gage at every station. Therefore, a total of 
29
The procedure adopted for the measurement of the RD is the one described in ASTM 
33
Although the gages used are narrower than the minimum width specified by ASTM E1703 (13), against the ones obtained using the continuous profiles.
10
The DAS simulations were calculated using the combination of three different coverages
11
(i.e., width of measurements) and five different sensor separations (sensors were assumed to be 12 equally spaced). Therefore, 15 different DAS configurations were simulated. The algorithm developed by the authors is based on the "Straight-Edge Algorithm" 
ANALYSIS OF RUT-DEPTH VALUES ACCURACY AND PRECISION
5
The accuracy and precision of both the RD values reported by the different CAS and the ones 6 calculated simulating the use of different types of DAS, were evaluated by comparing them 7 against the reference RD values. For each case, the RD error at a particular station (st),
8
RD_error st , was defined as the difference between the reference value and the calculated one for RD using different discrete profiles were the ones calculated using the continuous profile.
13
Rut-Depth Values Reported by the CAS
14
The RD values reported by the five CAS that participated in the study were compared against the 15 values manually measured, which served as reference. The RD errors were computed for the 
Rut-Depth Values Calculated Using Discrete Profiles
29
The lower the number of coordinates used in the calculation of RD, the higher the likelihood of 30 underestimating the actual RD value; therefore, the RD calculated using the continuous profiles 31 were used as the reference for the evaluation of the values calculated using the discrete profiles.
32
The RD errors were computed for each simulated DAS at the 552 transverse profiles and 
IMPACT OF RUT-DEPTH ACCURACY AT NETWORK LEVEL
20
The RD values collected at network level are used as an input into the highway agency's and for the manual measurements were computed and they are presented in the second column of 16   Table 3 .
17
TxDOT has used a five-point sensor rut measurement system for collecting rutting data at TxDOT five-sensor rut system is presented in the second column of the last row of Table 3 . This The third column of Table 3 presents the difference between the values corresponding to 23 each evaluated system and the manual measurements. As can be observed from Table 3, The impact of the number of sensors and width of measurement on the DAS's accuracy at 
12
The effects that the number of sensors and the coverage have on the simulated DAS's 7% to 8% with respect to the manual measurements.
43
 The 5-points DAS missed the largest proportion (28%) of sections needing rehabilitation. 
